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(57) ABSTRACT 

Methods, systems and devices are described for detecting 
noise in a touchpad or other sensor that produces an output in 
response to a stimulus that is applied at or near a sensing 
region. According to various embodiments, a carrier signal is 
applied to the sensing region at two or more frequencies to 
thereby produce an output from the sensing region at each 
frequency. Each of the outputs is demodulated and ?ltered by 
a demodulation ?lter having a demodulation ?lter bandwidth. 
The various frequencies applied to the carrier signal are 
selected such that a difference between the frequencies is less 
than the demodulation ?lter bandwidth. At least some of the 
effects of the stimulus are removed from the outputs produced 
by the various carrier frequencies to produce two or more 
?ltered outputs. The ?ltered outputs are then added, com 
bined or otherwise processed to detect noise contained 
therein. If noise contained in one or more of the ?ltered 
outputs reaches an unacceptable level, the carrier signal may 
be shifted to a new sensing frequency for subsequent opera 
tion of the sensor. 

26 Claims, 3 Drawing Sheets 
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METHODS AND SYSTEMS FOR DETECTING 
NOISE IN A POSITION SENSOR USING 

MINOR SHIFTS IN SENSING FREQUENCY 

PRIORITY 

This application is a continuation of Ser. No. 11/013,220 
now US. Pat. No. 7,031,886, Which Was ?led on Dec. 14, 
2004. 

TECHNICAL FIELD 

The present invention generally relates to position and 
proximity sensors such as touchpads, and more particularly 
relates to devices, systems and methods capable of detecting 
or avoiding noise present in such sensors. 

BACKGROUND 

Position sensors are commonly used as input devices for 
computers, personal digital assistants (PDAs), media players, 
video game players, consumer electronics, cellular phones, 
payphones, point-of-sale terminals, automatic teller 
machines, kiosks and the like. One common type of sensor 
used in such applications is the touchpad-type sensor, Which 
can be readily found, for example, as an input device on many 
notebook-type computers. A user generally operates the sen 
sor by moving a ?nger, stylus or other stimulus near a sensing 
region of the sensor. The stimulus creates a capacitive, induc 
tive or other electrical effect upon a carrier signal applied to 
the sensing region that can be detected and correlated to the 
position or proximity of the stimulus With respect to the 
sensing region. This positional information can in turn be 
used to move a cursor or other indicator on a display screen, 

or for any other purpose. One example of a touchpad-type 
position sensor that is based on capacitive sensing technolo 
gies is described in US. Pat. No. 5,880,411, Which issued to 
Gillespie et al. on Mar. 9, 1999. 

Although position sensors have been Widely adopted for 
several years, designers continue to look for Ways to improve 
the sensors’ functionality and effectiveness. In particular, 
dif?culties have long been realiZed in identifying and reduc 
ing the effects of noise upon the sensor. Noise originates from 
various sources, including computer display backlights, 
poWer supplies, Wireless communication devices and the like. 
Although many sensors noW include loW and/or high-pass 
?lters that can effectively remove many types of noise, prob 
lems remain in identifying and removing noise components 
With frequencies that are close to the sensor sensing fre 
quency or any of its harmonics. So called “tuned noise” is 
dif?cult to identify or ?lter out because the effective “beat” 
frequency of the tuned noise is often very close to the fre 
quency of signals resulting from the user-applied stimulus 
itself, causing the tuned noise to appear as a stimulus applied 
to the sensing region. As a result, distinguishing the effects of 
undesirable tuned noise from the desirable effects of the 
stimulus can be quite dif?cult. Further, the time to observe 
tuned noise can be signi?cant because the beat frequencies of 
such noise can be relatively loW (e. g. on the order of 10 HZ or 
less), and therefore the period of an entire beat cycle can be 
signi?cant (eg on the order of ten seconds for a beat fre 
quency of 0.1 HZ). 

Nevertheless, several techniques for reducing the effects of 
tuned noise have been attempted. One conventional noise 
avoidance technique involves comparing the output signals 
produced by operating the sensor at tWo or more different 
sensing frequencies When no stimulus is present on the sens 
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2 
ing region, and then subsequently operating the sensor using 
the frequency that produces the lesser amount of noise. This 
technique has several disadvantages, hoWever, in that deter 
mining Whether the stimulus is present at any given time can 
be di?icult in practice, particularly in the presence of signi? 
cant external noise. Moreover, because this technique mea 
sures noise only When the stimulus is not present, sources of 
noise present Within the stimulus itself (e.g. environmental 
radio frequency noise coupled to the sensor via the stimulus) 
are not considered. Another technique for measuring tuned 
noise involves periodically disabling the sensing function to 
ensure that no stimulus is detected, and then comparing the 
noise levels observed at tWo or more different operating fre 
quencies. While this technique does measure noise coupled to 
the sensor via the stimulus, it does not address the issue of loW 
beat frequencies. Further, the complexities introduced by dis 
abling the sensing function can be relatively dif?cult and/or 
expensive to implement in practice. 

Accordingly, it is desirable to provide systems and meth 
ods for quickly, effectively and e?iciently detecting noise in a 
position sensor, even When the frequency of the noise is close 
to the sensing frequency. Moreover, it is desirable to create a 
noise detection technique that is effective even When a stimu 
lus is present at or near the sensing region. Other desirable 
features and characteristics Will become apparent from the 
subsequent detailed description and the appended claims, 
taken in conjunction With the accompanying draWings and the 
foregoing technical ?eld and background. 

BRIEF SUMMARY 

Methods, systems and devices are described for detecting 
noise in a touchpad or other sensor that produces a modulated 
output in response to a stimulus that is applied at or near a 
sensing region. According to various embodiments, a carrier 
signal is applied at a sensing frequency at or near the carrier 
signal frequency of interest. The output of the sensor is 
demodulated, ?ltered and processed for noise. The carrier is 
then applied at a second, closely-spaced sensing frequency 
and is again demodulated, ?ltered and processed for noise. 
The sensing frequencies of the carrier signal are selected such 
that they are distinct from each other, and spaced Within the 
bandWidth of the demodulation ?lter. In a further embodi 
ment, the carrier signal may be shifted to a different carrier 
frequency and associated set of sensing frequencies if the 
noise identi?ed by any of the applied sensing frequencies or 
some combination thereof exceeds an acceptable noise level. 
In such embodiments, a second set of closely-spaced sensing 
frequencies are chosen such that the frequencies are Within 
the bandWidth of the demodulation ?lter but spaced apart 
from the ?rst set of sensing frequencies. The above procedure 
may then be repeated for the second and/or other sets of 
closely spaced frequencies until an acceptable noise level is 
detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various aspects of the present invention Will hereinafter be 
described in conjunction With the folloWing draWing ?gures, 
Wherein like numerals denote like elements, and 

FIG. 1 is a block diagram shoWing an exemplary proximity 
sensing device; 

FIG. 2 is a plot shoWing an exemplary noise transfer func 
tion for a sensing device along With ?lter responsiveness for 
several exemplary high-pass ?lters; 

FIG. 3 is a ?owchart of an exemplary method for detecting 
noise in a proximity sensing device; and 
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FIG. 4 is a plot showing exemplary noise transfer functions 
and ?lter responsiveness for a sensing device having at least 
tWo primary sensing frequencies. 

DETAILED DESCRIPTION 

The folloWing detailed description is merely exemplary in 
nature and is not intended to limit the invention or the appli 
cation and uses of the invention. Furthermore, there is no 
intention to be bound by any expressed or implied theory 
presented in the preceding technical ?eld, background, brief 
summary or the folloWing detailed description. 

According to various exemplary embodiments, a carrier 
signal having one of tWo or more closely spaced sensing 
frequencies is applied to a carrier modulating sensor, 
demodulated, ?ltered, and analyZed for noise. The same pro 
cedure is then applied for the remaining closely-spaced fre 
quencies. The sensing frequencies are chosen such that they 
are spaced Within the bandWidth of the demodulation ?lter but 
greater than the expected bandWidth of the stimulus. Regard 
less of the frequency of the applied carrier signal, the fre 
quency bandWidth of the demodulated stimulus is mostly 
invariant, but the frequency band of the demodulated noise 
changes. Therefore, by ?ltering out the knoWn bandWidth of 
the applied stimulus, the remaining signal can therefore be 
determined to be indicative of noise. By applying more than 
one sensing frequency, noise that has the same demodulated 
frequency band as the stimulus at one sensing frequency has 
a different frequency band for other sensing frequencies and 
is therefore detectable at the other frequencies. Unlike con 
ventional noise detection, the sensing frequencies are chosen 
to emphasize noise near the carrier frequency of interest so 
the noise may be quickly observed. If the noise observed in 
one or more of the ?ltered signals is excessive or otherWise 
undesirable, it can be readily concluded that tuned noise is 
present at or near the carrier frequency of interest. Further 
more, if the stimulus is knoWn to be loW frequency, the noise 
after demodulation and ?ltering Will have a high frequency 
characteristic Which may be detected quickly. This is in con 
trast to many conventional noise detection techniques 
Wherein a noise that is close in frequency to the carrier fre 
quency produces a loW frequency beat signal that can require 
a comparatively long time to detect. 

Further, the noise detection techniques described herein 
can be used to improve the operation of a touchpad or other 
sensor capable of detecting the position and/ or proximity of a 
stimulus. Tuned noise near a carrier frequency used in sensor 
operation can be detected by gathering sensing output at tWo 
or more sensing frequencies close to or the same as the carrier 
frequency of interest, and by ?ltering the outputs obtained at 
the various frequencies to remove the substantial effects of 
any stimulus that may be present. If one or more of the 
resulting ?ltered signals indicates an inordinate amount of 
noise, subsequent sensor operation is shifted to an entirely 
different carrier frequency that avoids the tuned noise 
detected. That is, minor frequency shifts near a carrier fre 
quency of interest can be used to determine that there is a 
noise source near the carrier frequency, in Which case a major 
shift in the carrier frequency may be bene?cial. This process 
of evaluating noise levels may continue at the neW carrier 
frequency (e. g. using tWo or more minor sensing frequencies 
near the neW carrier frequency), With subsequent discovery of 
tuned noise at the neW carrier frequency resulting in a return 
to the original carrier frequency or a major shift to a third 
carrier frequency of interest. Various types of sensors may 
apply any number of major and/or minor frequency shifts 
before ?nding a carrier frequency that is free of excessive 
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4 
tuned noise. Alternatively, the level of detected noise at the 
major frequencies may be used to choose the major frequency 
that has the least noise. 

Referring noW to FIG. 1, an exemplary position sensor 100 
suitably includes a sensing region 102, a demodulator 104, a 
controller 108, and a signal generator 112 as appropriate. In 
operation, sensor 100 senses a position of a ?nger or other 
object 103 in proximity to sensing region 102. Detecting a 
user input suitably involves obtaining position-related infor 
mation about object 103 from sensor 102, and further pro 
cessing the information to provide useful output indicia 122 
to an external host, computing system and/or other device. 
The position of object 103 is appropriately obtained through 
the application of a carrier signal 116 to sensing region 102 to 
produce an electrical effect betWeen sensing region 102 and 
object 103. This effect produces an output 118 that is indica 
tive of the relative location of object 118 With respect to 
sensing region 102. Output 118 is demodulated by demodu 
lator 104 using a demodulation signal 117 that is synchronous 
With carrier signal 116, and the demodulated signal 120 is 
received at controller 108, Which suitably processes data 120 
to provide suitable output indicia 122. An example of a tech 
nique for capacitively sensing and processing object position 
in a touchpad is set forth in US. Pat. No. 5,880,411, refer 
enced above, although any other types of sensors and/or sig 
nal processing techniques could be used in a Wide array of 
alternate embodiments. As used herein, the term “position 
sensor” is intended encompass not only conventional touch 
pad devices, but also a broad range of equivalent devices that 
are capable of detecting the position or proximity of a ?nger, 
pointer, stylus or other object 103. Such devices may include, 
Without limitation, touch screens, touch pads, touch tablets, 
biometric authentication devices, handWriting or character 
recognition devices, and the like. Similarly, the terms “posi 
tion” or “object position” as used herein are intended to 
broadly encompass absolute and relative positional or prox 
imity information, and also other types of spatial-domain 
information such as velocity, acceleration, and the like, 
including measurement of motion in one or more directions. 
Various forms of positional information may also include 
time history components, as in the case of gesture recognition 
and the like. Accordingly, various types of “position sensors” 
100 may be capable of detecting parameters other than the 
mere presence or absence of an object and may encompass a 
broad range of equivalents. 

Sensing region 102 is any capacitive, resistive, inductive or 
other type of sensor that is capable of detecting the position or 
proximity of a ?nger, stylus or other object 103. Exemplary 
sensing regions 102 include the various sensors produced by 
Synaptics Inc. of San Jose, Calif., Which appropriately detect 
a one dimensional, tWo dimensional or multi-dimensional 
position of an object 103 using capacitive or inductive cou 
pling, although many other sensing regions 102 could be used 
in a Wide array of alternate embodiments. Other types of 
sensing regions 102 capable of detecting position or proxim 
ity include sensors based upon acoustic, optical, or electro 
magnetic properties (eg radio frequency, infrared, ultravio 
let or the like), for example, and/or any other effects. In an 
exemplary embodiment, object position is sensed in tWo 
dimensions (e.g. X andY coordinates) of sensing region 102 
using conventional capacitive or other sensing techniques. 

Controller 108 is any processor, microcontroller, pro 
grammed circuitry or other module capable of processing 
input data 120 to extract output indicia 122 and/or control 
signals 114. The particular control circuitry 108 used varies 
Widely from embodiment to embodiment, but in exemplary 
embodiments controller 108 is a model T1004, T1005, 
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T100X or other microcontroller produced by Synaptics Inc. 
of San Jose, Calif. Controller 108 suitably communicates 
With memory 110 as appropriate. 
Memory 11 0 may be implemented With any random access 

memory (RAM), read only memory (ROM), ?ash memory, 
magnetic or optical storage device, or any other digital stor 
age medium. Alternatively, the functions of memory 110 may 
be incorporated into controller 108 such that a physically 
distinct memory device 110 may not be present in all embodi 
ments. In many embodiments, memory 110 suitably stores 
digital instructions in any softWare or ?rmWare form that are 
executable by controller 108 to implement the various sens 
ing, control and noise detection functions described herein. 

Signal generator 112 is any device or circuit capable of 
providing carrier signal 116 and demodulation signal 117 of 
appropriate frequencies in response to control signals 114 
received from controller 108. Although carrier signal 116 and 
demodulation signal 117 are typically synchronous With each 
other and indeed may coincide in some embodiments, the tWo 
signals may altematively have different Waveforms or other 
characteristics. In one embodiment suitable for use in a 
capacitively-sensing touchpad, signals 116 and 117 can be 
produced at frequencies that range from about 20-100 kHZ, 
although these signals may be produced at any frequency or 
range in a Wide array of equivalent embodiments. Although 
the terms “carrier frequency” and “sensing frequency” each 
refer to frequencies of carrier signal 116 and demodulation 
signal 1 17, “carrier frequency” as used herein generally refers 
to a major operating frequency of the carrier and demodula 
tion signals, Whereas “sensing frequency” used herein gener 
ally refers to a minor noise detection frequency. Certain sens 
ing and carrier frequencies may coincide in various 
embodiments, as described more fully beloW. 

Demodulator 104 is any circuit or other module capable of 
demodulating the output 118 of sensing region 102 using 
demodulation signal 117. Demodulator 104 may also include 
and/ or communicate With a demodulation ?lter 106. 
Demodulation ?lter 106 may be implemented With any suit 
able loW-pass or band-pass ?lter, including any sort of digital 
or analog ?lter, sampled or continuous time. In various 
embodiments, demodulation ?lter 106 is an analog ?lter hav 
ing a bandWidth suf?cient to remove high frequency noise 
components from output 118. Demodulation ?lter 106 could 
alternatively be implemented and/ or supplemented by a digi 
tal ?lter (e. g. an averaging ?lter) implemented Within control 
ler 108. In an exemplary embodiment intended for use With 
carrier frequencies on the order of 10-50 kHZ or so, demodu 
lation ?lter 106 may have a bandWidth on the order of 150 to 
500 HZ, although these exemplary values may vary Widely 
from embodiment to embodiment. As described more fully 
beloW, the bandWidth of demodulation ?lter 106 may be 
useful in determining the particular demodulation frequen 
cies used to detect noise in output 118, since beat frequencies 
that are signi?cantly attenuated by ?lter 106 may not be 
properly detectable in controller 108. As a result, it is typi 
cally desirable to select demodulation frequencies that differ 
in frequency by a total amount that is less than the bandWidth 
of ?lter 106. 
As described more fully above and beloW, noise signals 

propagating Within sensor 100 are appropriately detected 
through the application of carrier signal 116 at various fre 
quencies. The resulting outputs 118 from sensing region 102 
are appropriately demodulated and ?ltered by demodulator 
104 and ?lter 106, respectively, With the resulting signals 120 
being provided to controller 108 for subsequent processing. 
Processor 108 suitably applies a high-pass ?lter to the 
received signals 120 to substantially remove the effects of any 
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6 
stimulus applied by object 103 at sensing region 102, and to 
thereby determine the amount of noise contained Within the 
?ltered signals. If the amount of noise observed is signi?cant, 
controller 108 further provides a control signal 114 to signal 
generator 112 to direct the application of a carrier signal 116 
at a different frequency. 

With reference noW to FIG. 2, plot 200 suitably shoWs an 
arbitrary noise transfer function 202 for an exemplary posi 
tion sensor at carrier frequency 212 before an exemplary high 
pass ?lter, as Well as the noise transfer functions 204 and 206 
after an exemplary high-pass ?lter is applied at tWo different 
carrier frequencies 210 and 212 respectively. As canbe appre 
ciated from FIG. 2, the position sensor is highly susceptible to 
noise having frequencies at or near the carrier frequency 214. 
Although the tuned noise itself is generally a relatively high 
frequency signal, such noise appears in the demodulated sig 
nal as a loW “beat” frequency (e. g. at a frequency equal to the 
absolute difference betWeen the noise frequency and the sens 
ing frequency). Because beat frequencies produced by tuned 
noise approximate the frequencies of signals produced by the 
user-applied stimulus, such noise can be very dif?cult to 
remove from the sensor output using conventional ?ltering. 
That is, it can be very dif?cult in practice to mask the effects 
of noise at or near sensing frequency 214 Without undesirably 
masking the effects of the user-applied stimulus at the same 
time. As a result, undetected tuned noise signals can have a 
signi?cant adverse effect on sensor output. 
Tuned noise at or near a carrier frequency of interest, 

hoWever, can be more effectively detected by adjusting the 
beat frequency of the noise to a more detectable level. 
Because the beat frequency is related to the difference 
betWeen the noise frequency and the sensing frequency, 
changes in the sensing frequency produce changes in the 
effective beat frequency of the noise. Shifting the sensing 
frequency by even a relatively slight amount, for example, 
can increase the difference betWeen the sensing and noise 
frequencies, thereby alloWing tuned noise at the original sens 
ing frequency to appear as a higher frequency beat that is 
distinguishable from the effects of stimulus. To detect tuned 
noise at a particular frequency, the sensing frequency is 
adjusted to a slightly different frequency and a high-pass ?lter 
is applied to the sensing output to remove any effects of the 
stimulus that might be present Without removing the higher 
beat frequency of the tuned noise. The resulting ?ltered signal 
therefore provides a very good measurement of tuned noise 
for a particular frequency, even When the stimulus is present 
on the sensing region. Moreover, the time required to detect 
the higher-frequency beat can be signi?cantly less than the 
time to detect a loW-frequency beat, further improving the 
noise responsiveness of the sensor. Even further, the high pass 
?lter can be con?gured such that noise Within a feW band 
Widths of the carrier frequency is emphasiZed and detectable. 
This alloWs the system to detect noise sources that may drift 
into the sensitive bandWidth of the carrier frequency. 

Ensuring that the effects of the stimulus are removed, hoW 
ever, can be complicated by the operating characteristics of 
the ?lter applied. Referring to the exemplary ?lter response 
curves 204 and 206 in FIG. 2, for example, the ?lter shoWn is 
relatively unresponsive to noise observed at or near the sens 
ing frequency (e.g. frequencies 210 and 212 for curves 204 
and 206, respectively). Applying the ?lter at tWo or more 
different sensing frequencies, hoWever, mitigates the effect of 
this unresponsive region, provided that demodulation fre 
quencies 210 and 212 are suf?ciently different so that the 
unresponsive portions of curves 204 and 206 are non-over 
lapping. Stated another Way, frequencies 210 and 212 can be 
selected such that non-observable noise at one sensing fre 
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quency is observable at another. As a result, tuned noise 
corresponding to either sensing frequency 110 or 112 Will be 
detectable at another sensing frequency. Further, because the 
portion of sensing output 118 produced by the stimulus does 
not typically change signi?cantly With the sensing frequency, 
the noise present in output 118 can be readily distinguished 
from the effects of the stimulus present in the same signal. By 
applying a high-pass ?lter, the effects of the stimulus can be 
substantially ?ltered or otherWise removed from sensing 
region output 118, resulting in a ?ltered signal that is indica 
tive of the amount of tuned noise present in sensor 100. 
Because the ?lter may be insensitive to noise at certain tuned 
frequencies, hoWever, the ?lter is applied at tWo or more 
different frequencies to improve the likelihood that noise Will 
be observed in at least one of the demodulated outputs. 
Hence, ?ltering (or otherWise removing) the effects of the 
stimulus from the sensing outputs generated at tWo sensing 
frequencies of the carrier signal, tuned noise at or near the 
carrier frequency of interest can be readily detected and/or 
quanti?ed. This information, in turn, can be used to adjust 
subsequent sensor operation as appropriate. 

FIG. 3 is a ?owchart of an exemplary process 300 for 
detecting noise in signals 118 output from sensing region 102. 
While many of the functions described in FIG. 3 may be 
computer-implemented using softWare or ?rmWare instruc 
tions, FIG. 3 is intended to illustrate various exemplary func 
tions in logical form, and is not intended to necessarily 
present a literal implementation of a softWare routine. 
Accordingly, the various modules, functions and routines 
shoWn in FIG. 3 may be enhanced, eliminated and/or differ 
ently organiZed in the many alternate practical embodiments. 
The various steps and modules set forth in process 300 may be 
implemented using any computer language, modules, appli 
cations, instructions or the like, and may be stored perma 
nently or temporarily in memory 110 (FIG. 1) and/or in any 
other digital storage medium including a ?oppy disk, CD 
ROM, RAM, ROM, optical or electromagnetic mass storage 
device, or the like. The instructions used to implement various 
portions of process 300 may also be transmitted as modulated 
signals on carrier Waves transmitted across any communica 
tions medium such as a digital netWork, Wireless link, or the 
like. 

With reference noW to FIG. 3, an exemplary process 300 
for detecting noise in a position or proximity sensor 100 
suitably includes the broad steps of applying carrier signal 
116 to sensing region 102 at a number of different sensing 
frequencies (step 302) to generate a number of outputs from 
the sensing region (step 304), substantially removing the 
effects of any stimulus provided by the user (step 306), and 
processing the resulting ?ltered signals to identify the pres 
ence of any tuned noise (step 310). Noise can be detected 
using any number of minor frequency shifts at or near the 
carrier frequency of interest (steps 312 and 308). In various 
further embodiments, a major shift of the carrier frequency 
takes place (step 316) if one or more of the ?ltered outputs 
produced by the applied signals contains an unacceptable or 
non-optimum level of noise so that subsequent sensor opera 
tion takes place using a carrier frequency that avoids some or 
all of the identi?ed tuned noise. 

Carrier signal 116 is applied to sensing region 102 in any 
manner (step 302). In various embodiments, controller 108 
(FIG. 1) provides a command signal 114 to signal generator 
112 to direct the generation and application of carrier signals 
116 having various frequencies. As described above, carrier 
signal 116 is applied to sensing region 102 and demodulation 
signal 117 is applied to demodulator 104 as appropriate to 
obtain demodulated output signals from the sensing region. 
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8 
The various outputs 118 produced in response to the various 
frequencies of carrier signal 116 are ultimately received (step 
304) at controller 108 in any appropriate manner. In various 
embodiments, outputs 118 from sensing region 102 are 
demodulated and ?ltered as described above, With the result 
ing signals 120 provided to controller 108 for storage (eg in 
memory 110) and/or processing. 

To determine the amount of noise present Within output 
118, any effects of the user stimulus applied to sensing region 
102 are substantially removed from the sensing output (step 
306). While many sources of high-frequency noise can be 
removed from signals 118 using demodulation ?lter 106, 
?lter 106 cannot typically remove tuned noise present in 
signals 118 due to the beat frequency issues described above. 
In various embodiments, a high-pass ?lter is applied to the 
received data signals to effectively remove signal compo 
nents having very loW frequencies. Most human-applied 
stimuli have effective frequencies on the order of 20 HZ or 
less, so any high-pass ?lter capable of removing such rela 
tively loW frequencies from outputs 118 could be used to 
extract the loW-frequency effects of the stimulus and thereby 
isolate the effects of tuned noise. In various embodiments, a 
high-pass ?lter is implemented using digital ?ltering tech 
niques executed Within controller 108. A simple digital dif 
ference ?lter, for example, effectively removes loW frequency 
components in output 118. The differences are processed over 
any suitable period of time to determine a noise metric. For 
example, the maximum absolute value of the differences over 
some time period may be recorded. Alternatively, the average 
absolute value may be computed. More conventionally, the 
root mean square or mean square value of the differences may 
be calculated. Alternatively, a high-pass ?lter may be imple 
mented using data sampling techniques (eg by selecting a 
data sampling length that is short enough to effectively 
exclude loW frequency components in the sampled signal) or 
through other digital and/or analog ?ltering techniques. In 
still other embodiments, the stimulus effects may be addition 
ally or alternatively removed by disabling the sensing func 
tion of sensing region 102 (eg by turning off a current source 
providing electrical poWer to sensing region 102, or in any 
other manner). 

“Substantially removed” in the context of stimulus ?ltering 
generally refers to removing the effects of the stimulus that 
are intended by the user. As brie?y mentioned above, the 
stimulus may actually provide a path for spurious noise, and 
it may be desirable in many embodiments to detect this noise. 
Although such noise technically results from the application 
of the stimulus, it is not generally an intended effect, and 
hence may not be removed by the high-pass ?lter in all 
embodiments. 
When the substantial effects of the stimulus are removed 

from the ?ltered signals, the remaining noise may be deter 
mined in any manner (step 310) resulting in a noise metric. If 
the carrier frequencies are selected in accordance With the 
concepts set forth above, for example, the collective ?ltered 
signals represent tuned noise existing near the carrier fre 
quency of interest. That is, since the effects of the stimulus are 
substantially removed from the signal being evaluated, any 
?ltered signal remaining results from tuned noise near the 
frequency of interest. As a result, the ?ltered signals can be 
individually and/or collectively processed in any manner to 
determine the amount of tuned noise present Within the sen 
sor. The noise metric for each carrier frequency can be indi 
vidually compared against a suitable noise threshold, for 
example, to determine Whether any individual ?ltered signal 
represents an unacceptable level of noise. Alternatively (or 
additionally), tWo or more noise metrics can be summed, 
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averaged or otherwise intercombined in any appropriate man 
ner for subsequent processing. The noise metrics obtained at 
different sensing frequencies can be added together, for 
example, and the total compared to an appropriate threshold 
value to simultaneously determine Whether tuned noise is 
present Within one or more ?ltered signals, or to determine the 
total amount of noise observed near a particular carrier fre 
quency of interest. The various ?ltered signals may therefore 
be processed singly or in combination to identify tuned noise 
in any appropriate manner. 

As described more fully above, obtaining output data from 
sensing region 102 at various sensing frequencies ensures that 
tuned noise lying at or near one of the sensing frequencies is 
detected in the outputs obtained at the other frequency. 
Detecting tuned noise therefore involves applying the carrier 
signal at tWo or more different sensing frequencies (steps 312 
and 308). The particular sensing frequencies applied may be 
selected in any manner. In various embodiments, the applied 
frequencies are predetermined by softWare code or other set 
tings in controller 108, for example, or may be determined 
based upon some relationship to the operating frequency of 
interest. Various frequency hopping or strobing techniques 
could also be used to apply carrier signals having frequencies 
determined randomly, pseudo -randomly, sequentially or in 
any other manner. As mentioned above, the difference 
betWeen the highest and loWest demodulation frequencies 
should be less than the bandWidth of demodulation ?lter 106 
to prevent the demodulation ?lter from removing tuned noise 
components. Further, the various demodulation frequencies 
should be spaced apart to ensure that the non-responsive 
ranges of the high-pass ?lters applied do not overlap. Stated 
another Way, the sensing frequencies should be selected such 
that tuned noise components (eg the beat frequencies pro 
duced by noise signals at or near one of the sensing frequen 
cies) in output 118 are passed by both the high-pass ?lter and 
demodulation ?lter 106 for at least one of the frequencies 210 
and 212 even though the substantial effects of any applied 
stimulus are removed by the high-pass ?lter. 

ln touchpad and other position/proximity sensor imple 
mentations, each potential carrier frequency used for sensor 
operation is evaluated at tWo or more sensing frequencies that 
approximate the carrier frequency of interest. While the car 
rier frequency of interest could be used as one of the sensing 
frequencies, this is not necessary in all embodiments. If the 
amount of noise identi?ed in one or more ?ltered signals 
obtained from the applied sensing frequencies exceeds an 
acceptable level (step 314), the carrier frequency is appropri 
ately shifted to an alternate value (step 316) to alloW subse 
quent operation at a carrier frequency that avoids the tuned 
noise. The sensor may continue to detect noise at the neW 
carrier frequency using the same or similar techniques. 
Through application of minor frequency adjustments (steps 
312 and 308), then, the amount of tuned noise present at a 
particular carrier frequency can be evaluated, and major fre 
quency shifts (steps 314, 316) can be applied only When 
needed to avoid tuned noise. Alternatively, noise metrics 
could be gathered for tWo or more operating carrier frequen 
cies, With subsequent operation taking place at the carrier 
frequency that contains the least amount of detected noise. In 
such embodiments the selected carrier frequency may be 
subject to some effects of tuned noise, but typically these 
effects Will be at acceptable levels and/or Will be less than 
tuned noise observed at other carrier frequencies. Major fre 
quency shift 316, then, need not necessarily result from a 
comparison of a noise metric to a threshold value in step 314, 
but may equivalently occur as a result of a comparison of 
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10 
noise metrics gathered at various carrier frequencies, or 
according to any other scheme or technique. 
The various steps of routine 300 may be applied in any 

temporal order, or may be otherWise altered in any manner 
across a Wide array of alternate embodiments. Any number of 
sensing and/ or carrier frequencies could be evaluated and/or 
applied, for example, With the various carrier signal frequen 
cies being applied continuously, sequentially, simulta 
neously, periodically, aperiodically, as-needed or on any 
other temporal basis. Further, the various steps shoWn in FIG. 
3 could be combined or otherWise differently organiZed in 
any manner. Steps 312 and 314, for example, could be com 
bined for embodiments that continuously detect tuned noise. 
Such an embodiment may produce a minor frequency shift 
When step 310 identi?es acceptable noise levels, for example, 
and a major frequency shift When step 310 identi?es unac 
ceptable noise levels. Similarly, steps 306 and 310 could be 
performed after step 312 in other embodiments. 

With ?nal reference noW to FIG. 4, a noise transfer function 
400 for a touchpad or other position/proximity sensor suit 
ably includes tWo peaks 202 and 402 indicating relatively 
high susceptibility to noise near either of tWo primary carrier 
frequencies 214 and 414, respectively. As the sensor operates 
at either primary carrier frequency, controller 108 attempts to 
determine Whether tuned noise is present using the techniques 
described above. The determination is made on any periodic, 
aperiodic, random or other temporal basis, or may be per 
formed on a continuous basis as appropriate. To determine 
Whether tuned noise exists near sensing frequency 214, for 
example, the sensing signal is applied at tWo or more sensing 
frequencies 210, 212 that are relatively near (e.g. Within the 
bandwidth of demodulation ?lter 106 in FIG. 1) the operating 
frequency 214 of the carrier signal. As carrier signal 116 is 
applied at each sensing frequency, the resulting outputs from 
sensing region 102 are demodulated, ?ltered and noise pro 
cessed as described above. If noise is identi?ed in one or more 
resulting ?ltered signals, an alternate carrier frequency 414 
can be used for subsequent operation. As mentioned above, 
tuned noise detection may continue at the alternate carrier 
frequency 414 (e. g. using sensing frequencies 410 and 412) as 
appropriate. Major frequency shifts (e.g. shifts betWeen car 
rier frequencies 214 and 414) may be triggered in any manner. 
Such shifts could result from the detection of an unacceptable 
level of noise, for example. Alternatively, the carrier fre 
quency used for subsequent operation may be selected as the 
carrier frequency With the loWest level of detected noise, 
and/or according to any other criteria as appropriate. 
Although FIG. 4 shoWs sensing frequencies 212 and 412 
coinciding With carrier frequencies 214 and 414, respectively, 
this is not necessary in practice. Indeed, any carrier and/or 
sensing frequency arrangement may be used in a Wide array 
of alternate embodiments. Further, although FIG. 4 shoWs 
tWo sensing frequencies near each carrier frequency, any 
number of sensing frequencies could be used to detect noise 
in proximity to any number of carrier frequencies in various 
alternate embodiments. By evaluating ?ltered noise signals 
obtained at tWo or more closely-spaced sensing frequencies 
associated With each carrier frequency of interest, the carrier 
frequency With the least susceptibility to tuned noise can be 
readily selected. 

Using the techniques set forth above, the operation of a 
touchpad or other sensor can be signi?cantly improved by 
quickly detecting tuned noise and/or by avoiding such noise 
for subsequent operation. Various techniques described 
herein further alloW for the removal of stimulus effects from 
noise detection, thereby alloWing for noise detection even 
When a stimulus is present at or near sensing region 102. 
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Moreover, by increasing the beat frequency of the tuned noise 
(and thereby shortening the period of the noise signal), the 
noise can be detected relatively quickly. 

Accordingly, there are provided numerous systems, 
devices and processes for detecting noise and/ or for avoiding 
noise in a position sensing device such as a touchpad. While 
at least one exemplary embodiment has been presented in the 
foregoing detailed description, it should be appreciated that a 
vast number of variations exist. The various steps of the noise 
detection and reduction techniques described herein, for 
example, may be practiced in any temporal order, and are not 
limited to the order presented and/ or claimed herein. It should 
also be appreciated that the exemplary embodiments 
described herein are only examples, and are not intended to 
limit the scope, applicability, or con?guration of the invention 
in any Way. Various changes can therefore be made in the 
function and arrangement of elements Without departing from 
the scope of the invention as set forth in the appended claims 
and the legal equivalents thereof. 
What is claimed is: 
1. A method of detecting noise in an output provided by a 

sensor con?gured to modulate a carrier signal in response to 
the proximity of a stimulus, Wherein the output is synchro 
nously demodulated With the carrier signal and ?ltered by a 
demodulation ?lter having a demodulation ?lter bandWidth, 
the method comprising the steps of: 

sequentially applying the carrier signal to the sensor at a 
plurality of different frequencies comprising at least a 
?rst frequency and a second frequency to thereby pro 
duce at least a ?rst output and a second output, respec 
tively, Wherein a difference betWeen the ?rst and second 
frequencies is less than the demodulation ?lter band 
Width; 

?ltering an effect produced by the stimulus from at least the 
?rst and second outputs to thereby produce a plurality of 
?ltered outputs; and 

determining noise contained Within at least one of the 
plurality of ?ltered outputs. 

2. The method of claim 1, Wherein the plurality of ?ltered 
outputs are based on a combination of at least the ?rst and 
second outputs. 

3. The method of claim 1, further comprising the step of 
subsequently avoiding the frequency of the carrier signal if 
the at least one of the plurality of ?ltered outputs is deter 
mined to be noisy. 

4. The method of claim 3, Wherein the noise determining 
step comprises comparing the at least one of the plurality of 
?ltered outputs to a threshold. 

5. The method of claim 1, further comprising the step of 
repeating the applying, ?ltering and determining steps. 

6. The method of claim 5, Wherein the applying step and the 
determining step are each repeated for a differing number of 
repetitions. 

7. The method of claim 5, Wherein the applying step and the 
determining step are both repeated for an equal number of 
repetitions. 

8. A position sensor con?gured to execute the method of 
claim 1. 

9. A processor con?gured to execute the method of claim 1. 
10. A touchpad con?gured to execute the method of claim 

1. 
11. A digital storage medium having computer-executable 

instructions stored thereon, Wherein the instructions are con 
?gured to execute the method of claim 1. 

12. An apparatus con?gured to detect noise in an output of 
a capacitive sensor, Wherein the capacitive sensor is con?g 
ured to respond to a stimulus provided in proximity to a 
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12 
sensing region, Wherein the output is ?ltered by a demodula 
tion ?lter having a demodulation ?lter bandWidth, the appa 
ratus comprising: 
means for directing the sequential application of the carrier 

signal to the sensor at a plurality of different frequencies 
comprising at least a ?rst frequency and a second fre 
quency to thereby produce at least a ?rst output and a 
second output, Wherein a difference betWeen the ?rst 
and second frequencies is less than the demodulation 
?lter bandWidth; 

means for ?ltering an effect produced by the stimulus from 
at least the ?rst and second outputs to thereby produce a 
plurality of ?ltered outputs; and 

means for determining noise contained Within at least one 
of the plurality of ?ltered outputs. 

13. The apparatus of claim 12, Wherein the means for 
directing comprises means for continuously varying the fre 
quency of the carrier signal. 

14. An input device comprising the apparatus of 12. 
15.A position sensor comprising the apparatus of claim 12. 
16. A touchpad comprising the apparatus of claim 12. 
17. An input device for detecting a user input, the input 

device comprising: 
a sensor con?gured for detecting the user input and for 

providing an output in response thereto; 
a signal generator con?gured to produce a carrier signal 

having a sensing frequency; 
a demodulator con?gured for demodulating the output of 

the sensor With the carrier signal; 
a demodulation ?lter associated With the demodulator and 

having a demodulation ?lter bandWidth; and 
a processor in communication With the signal generator 

and the demodulation ?lter, Wherein the processor is 
con?gured: 

to communicate With the signal generator to direct sequen 
tial application of the carrier signal to the sensing region 
at a plurality of different frequencies comprising at least 
a ?rst frequency and a second frequency to thereby 
produce at least a ?rst output and a second output, 
respectively, Wherein a difference betWeen the ?rst and 
second frequencies is less than the demodulation ?lter 
bandWidth; 

to ?lter at least some of an effect produced by the stimulus 
from at least the ?rst and second outputs to thereby 
produce a plurality of ?ltered outputs; and 

to determine noise contained Within at least one of the 
plurality of ?ltered outputs. 

18. The input device of claim 17, Wherein the input device 
is a position sensing device. 

19. The input device of claim 17, Wherein the sensing 
region is de?ned by a capacitive touch sensor. 

20. A method of detecting noise in an output provided by a 
sensor con?gured to modulate a carrier signal in response to 
the proximity of a stimulus, Wherein the output is synchro 
nously demodulated With the carrier signal and ?ltered by a 
demodulation ?lter having a demodulation ?lter bandWidth, 
the method comprising the steps of: 

adjusting a frequency of a carrier signal across a plurality 
of different frequencies on a substantially continuous 
basis, Wherein the plurality of different frequencies 
comprises at least a ?rst frequency and a second fre 
quency that differ by an amount that is less than the 
demodulation ?lter bandWidth; 

applying the carrier signal to the sensor at each of the 
plurality of different frequencies to thereby produce sen 
sor outputs; 
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?ltering an effect produced by the stimulus from the sensor 
outputs to thereby produce a plurality of ?ltered outputs; 
and 

determining noise contained Within at least one of the 
plurality of ?ltered outputs. 

21. The method of claim 20, further comprising the step of 
subsequently avoiding the frequency of the carrier signal if 
the at least one of the plurality of ?ltered outputs is deter 
mined to be noisy. 

22. The method of claim 20, Wherein the noise determining 
step comprises comparing the at least one of the plurality of 
?ltered outputs to a threshold. 

14 
23. A position sensor con?gured to execute the method of 

claim 20. 

24. A processor con?gured to execute the method of claim 
20. 

25. A touchpad con?gured to execute the method of claim 
20. 

26. A digital storage medium having computer-executable 
instructions stored thereon, Wherein the instructions are con 

10 ?gured to execute the method of claim 20. 


